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ScienceDirectSmallholder farmers are vulnerable to environmental,
climate and weather-related stress, including climate change.
There is an increase in understanding of the benefits of
agroforestry systems both at farm and landscape scales,
and that incorporating trees on farms through agroforestry
systems has emerged as having the potential to enhance
the resilience of smallholders to current and future climate
risks including future climate change. Drawing on global
examples with a focus on African case studies, this paper
demonstrates the versatile roles of trees and agroforestry in
reducing smallholder’s exposure to climate-related risks. It
goes on to identify challenges in the promotion and
adoption of agroforestry at the farm and landscape levels
as a climate change adaptation strategy. The paper
highlights areas for further research, policy and
dissemination efforts, and identifies entry points for
agroforestry adoption.
Addresses
1World Agroforestry Centre (ICRAF), 2nd Floor, Khush Hall, IRRI
Campus College, 4031 Laguna, Philippines
2 The Oscar M. Lopez Center for Climate Change Adaptation and
Disaster Risk Management Foundation Inc. (OML Center), 36th Floor,
One Corporate Center, Julia Vargas corner Meralco Avenue, Ortigas,
Pasig City 1605, Philippines
3 ICRAF Vietnam, No. 8 lot 13A, Trung Hoa Street, Yen Hoa Ward,
CauGiay District, Ha Noi, Viet Nam
4University of the Philippines, Los Ban˜os College, 4031 Laguna,
Philippines
Corresponding authors: Lasco, Rodel D (rdlasco@yahoo.com,
r.lasco@cgiar.org, rlasco@omlopezcenter.org)
Current Opinion in Environmental Sustainability 2014, 6:83–88
This review comes from a themed issue on Sustainability challenges
Edited by Cheikh Mbow, Henry Neufeldt, Peter Akong Minang,
Eike Luedeling and Godwin Kowero
For a complete overview see the Issue and the Editorial
Received 28 May 2013; Accepted 7 November 2013
Available online 12th December 2013
1877-3435/$ – see front matter, # 2013 Rodel D Lasco. Published by
Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.cosust.2013.11.013
Vulnerability of smallholder farmers to climate
change
The projected impact of global climate change, particu-
larly increasing temperatures, rainfall variability, fre-
quency and severity of extreme events, and increasingwww.sciencedirect.com incidence of pests and diseases will likely affect the
agriculture sector [1,2]. Smallholder farmers in develop-
ing countries, in particular Sub-Sahelian Africa largely
practice rainfed agriculture and forestry, and therefore
depend on complex interactions of monsoon systems and
local heat and hydrological feedbacks which dictate the
temporality and spatiality of rainfall [3–5]. Changing
spatial and temporal patterns of temperature and pre-
cipitation regimes therefore expose Africa’s smallholders
and major agricultural production systems to tremendous
climate risks, causing crop failure and affecting the
livelihood and health of farmers [6–9]. For example,
Sub-Saharan Africa is considered highly vulnerable to
these impacts with reductions in production exceeding
20% for staples such as maize predicted by mid-century
[10,11].
Existing stresses include increasing population pressure
on natural resources and decreasing agricultural pro-
ductivity that further aggravates the vulnerability of
smallholder farmers. Decreasing productivity has been
brought about by soil degradation, declining soil ferti-
lity, and increasing soil erosion [12]. For example,
farmers in southern Africa without local support net-
works were forced to migrate in search of work during
periods of food scarcity [13], abandoning their own land
and creating environmental pressures in destination
sites. To meet nutritional needs in developing
countries, the productivity and efficiency of current
agricultural land use must increase [14]. Smallholder
farmers are therefore faced with the challenge of attain-
ing food security while at the same time ensuring
sustainability of their natural resource-base, and strug-
gling to cope with climate-related variability and
change.
As climate variability increases and related extreme
weather events become more frequent and severe, there
is a need to identify adaptation options to assist those
most vulnerable to their impacts. Agroforestry is increas-
ingly recognized as a sustainable land use in multi-func-
tional landscapes which enhances farmers’ ability to adapt
to climate change because of the multiple benefits it
delivers including food provision, supplementary income
and environmental services [15–18]. This paper explores
the science and practice of agroforestry and in highlight-
ing its role as a way to address climate risks, supports the
case for its inclusion in current and future rural devel-
opment policies.Current Opinion in Environmental Sustainability 2014, 6:83–88
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]The role of agroforestry in responding to
environmental change
An estimated 30% of the world’s rural population use
trees which are present in 46% of all agricultural lands [19]
with 55% of people in sub-Saharan Africa living on land
with at least 10% forest cover [20]. Incorporating trees and
shrubs in food crop systems help address food insecurity,
increase CO2 sequestration, [19] and reduce vulnerability
of agricultural systems [21–24].
In the past, smallholder farmers have responded to
environmental changes by gradually changing their
agricultural practices and selection of adapted cultivars,
drawing from their indigenous knowledge and experience
[15]. In this way, the indigenous resilience of smallholder
farmers to current and future climate variability will likely
improve [25], if the measures employed are flexible,
dynamic and adaptable to further changes in risks and
vulnerabilities. Understanding this dynamism, replicating
successful approaches and crucially, matching these to
the heterogeneous socio-cultural, socio-economic, and
ecological circumstances of other smallholder farmers
remains a central challenge.
Furthermore, these traditional approaches of mixing crops
with trees to reduce risks of crop failures is often over-
looked in climate impact and adaptation studies which
have tended to focus on the risks posed to staple mono-
culture crops, for example, millet [26] and teff [27], and are
absent when mapping Africa’s high risk areas [28,29]. With
changing seasonal patterns, controlling planting windows
becomes increasingly important as demonstrated by crop-
model studies which suggest that optimized combinations
of high-yielding annual crops in sequential systems could
double the yields of traditional ones across Africa [30].
Conveying the value of trees and agroforestry
for adaptation
Evidence from Southeast Asia suggests that policies
which encourage the abandonment of traditional agrofor-
estry systems in favor of adopting more intensive annual
crops or monoculture plantations because of their per-
ceived economic benefits may be misplaced [31]. Indeed,
such a shift has been shown to expose smallholders to
greater risk and increase environmental degradation [32].
Instead, incorporating trees into a multifunctional, diverse
landscape mosaic and agricultural systems has been shown
to deliver multiple benefits including enhanced global and
local ecosystem services, biological diversity, food security
and smallholder resilience [33–35].
A summary of the socio-economic and environmental
benefits of agroforestry systems in the context of reducing
risk exposure are found in Table 1 with some highlighted
examples discussed below.
Several agroforestry studies have focused on improving
soil and water conservation [36], soil physical propertiesCurrent Opinion in Environmental Sustainability 2014, 6:83–88 www.sciencedirect.com
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sence of trees on farm serve as windbreaks and shelter
belts, and are used for reconstructing properties damaged
during storms [30,39,40]. A study conducted in Western
Kenya shows that presence of trees on farms provided a
more accessible, safe and stable source of fuelwood for
energy and income, particularly benefiting for women
[41]. Agroforestry systems when well designed and
properly managed, have some degree of beneficial effect
on yield and income and potential for sustained pro-
duction. For example, fertilizer trees species (FTS) are
widely documented to substantially increase maize yields
compared to maize production without fertilizer in
Zambia [18,32] and across Africa [33]. In addition, maize
yields were more stable when grown with Leucaena hedge-
rows than monocropped [42]. The same has been shown
for alley cropping system with, for example, maize, pea-
nut, wild jujube [43], and FTS [44].
Existing studies on agroforestry systems have made it
easier to choose locally appropriate strategies for max-
imizing the farm-level benefits based on the production
objective of the farmer. However, the multiple roles that
trees can play, especially at a landscape scale, are less
studied and often do not influence the farmers’ adoption
of agroforestry [16]. The challenge that needs to be
addressed is how to comprehensively assess and factor
in the potential of trees in providing environmental
services, to achieve more sustainable practices amidst
existing climatic and environmental changes.
Making agroforestry systems context specific
The economic value and potential yield of each system
will depend on existing biophysical and socio-economic
conditions as well as the farmers’ familiarity with man-
agement practices [45]. A study in West African Sahel, for
example, showed that live fence and fodder banks
reduced yields the first year but were recovered in the
second year [46].
Agroforestry adoption at the farm-scale could be
improved in several ways. Ensure that agroforestry
dynamics are compatible with local practices, cultural
norms and traditions. Concepts such as sustainability,
risks, costs and benefits of agroforestry versus current
farming systems need to be monitored and made easily
understandable to smallholder farmers. Mechanisms
behind household decision-making can be improved,
such as technical knowledge, accurate climate infor-
mation and the understanding of agroforestry contri-
bution to buffering against climate risks [18,22,25].
Lastly, secure land tenure is a proven barrier for agrofor-
estry adoption in southern Africa [35].
Going beyond the farm level
The immediate ecological and economic benefits of
agroforestry are more felt at the farm level, but maywww.sciencedirect.com extend beyond the farm to regional and even global scales
[47]. At the aggregate level, such benefits include
biodiversity conservation, watershed management, and
carbon sequestration. Various studies have investigated
the role of agroforestry in enhancing biodiversity
[40,48,49].
An emerging access point for smallholder farmers could
come from the increasing interest in the role of agrofor-
estry in climate change mitigation through enhancing
carbon sequestration [38,50–52]. Carbon forestry schemes
may have attracted almost as many critics as advocates but
indisputably they have attracted significant funding and
technical support for host communities. The efficacy of
such schemes and their contribution to sustainable de-
velopment and the socio-economic conditions of partici-
pants is beyond the scope of this paper. Nonetheless,
those schemes which have included the promotion of
agroforestry methodologies as a means of engaging farm-
ers have been more successful at providing pro-poor co-
benefits to augment often meager carbon payments and
supporting farmers’ transition to more sustainable land
use practices. This is especially true in payment for
ecosystem service schemes in Latin America silvo-pas-
toral agroforestry systems which attracted and supported
more vulnerable households [53].
A carbon forestry scheme in Mozambique which pro-
motes almost exclusively agroforestry systems has been
the subject of a number of studies. One study found that
overall household income was generally increased [54]
with another highlighting the role of agroforestry in
reducing off farm labor requirements [55]. However,
the benefits provided by agroforestry beyond the farm
level, that is, at a landscape scale have not yet been fully
appreciated in Africa [56,57]. This could therefore
represent an entry point for additional support, advocacy
and training for already engaged farmers and a source of
best practice examples as well as hard lessons learned.
Somewhat surprisingly, given what we know about the
role of agroforestry in enhancing resilience to climate
variability there is a striking paucity of analysis or evi-
dence within the sizeable socio-economic and technical
studies relating to carbon forestry projects which demon-
strate the climate change adaptation benefits.
Conclusion: outstanding challenges
The examples synthesized and discussed here serve to
demonstrate the growing recognition of agroforestry as a
tool in helping smallholder farmers adapt to the multiple
threats represented by a changing climate. The paper has
also highlighted the enduring challenges in four key
areas:
Research: There is an increasingly sophisticated under-
standing of the benefits of agroforestry systems while a
deeper understanding of how and under what conditionsCurrent Opinion in Environmental Sustainability 2014, 6:83–88
86 Sustainability challengessmallholder households adopt these systems in response
to climatic triggers is still required, both at farm and
landscape scales. Where smallholder farmers recognize
the benefits of incorporating trees on farms, new
approaches to address adoption barriers such as secure
land tenure and information gaps, and link agroforestry to
climate, food security and development policies, are
needed.
Policy: National policies remain incoherent and need to
be more explicit if local action is to be supported and
benefits realized [58,59]. Integration of agroforestry
principles into existing natural resource and agrarian
policies, including those relating to forestry, biodiversity
conservation, and water resources would create a more
harmonious and encouraging legislative environment
[60]. Furthermore, raising the profile of agroforestry in
national policy arenas to emphasize its status as a viable
and effective system to address the multiple threats of
future climate variability will require coordinated advo-
cacy efforts drawing on robust science and practice [61].
Research on agroforestry can contribute to climate
proofed policy options that promote short-term and med-
ium-term economic benefits which maintain flexibility
while reducing vulnerability.
Dissemination and extension: There remains a need for
evidence-based policies, that is, knowing what works best
for whom and where should be the basis for appropriate
interventions and sharing of learning. What are the modes
and mechanisms for collaboration and knowledge
exchange among smallholder farmers, policy makers,
local extension workers, farmers’ organizations to over-
come barriers for wider adoption of agroforestry systems
and technologies [59]. This could include national and
international collaboration between government
agencies, non-government organizations and the private
sector.
Context specific entry points: Research, training and
extension activities linked to supportive policy conditions
are all needed to upscale agroforestry adoption. Technical
support in identifying suitable agroforestry systems and
practices well matched to local biophysical and socio-
economic conditions is therefore crucial. Non-govern-
ment organizations may be well positioned to advocate
on behalf of small holder farmers with which they work
and for whom they often fulfill the role of under-
resourced government agencies [62]. Private sector
organizations can drive the demand for agroforestry pro-
ducts and services (including carbon sequestration) which
in turn may lead to increased farmer uptake [56].
Acknowledgements
We acknowledge support from the World Agroforestry Centre (ICRAF) and
the Oscar M. Lopez Center for Climate Change Adaptation and Disaster
Risk Management Foundation Inc. (OML Center).Current Opinion in Environmental Sustainability 2014, 6:83–88 References and recommended reading
Papers of particular interest, published within the period of review,
have been highlighted as:
 of special interest
 of outstanding interest
1. IPCC: Summary for policymakers. In Managing the Risks of
Extreme Events and Disasters to Advance Climate Change
Adaptation. A Special Report of Working Groups I and II of the
Intergovernmental Panel on Climate Change. Edited by Field CB,
Barros V, Stocker TF, Qin D, Dokken DJ, Ebi KL, Mastrandrea MD,
Mach KJ, Plattner G-K, Allen SK, Tignor M, Midgley PM.
Cambridge, UK, and New York, NY, USA: Cambridge University
Press; 2012:1-19.
2. Howden SM, Soussana JF, Tubiello FN, Chhetri N, Dunlop M,
Meinke H: Adapting agriculture to climate change. Proc Natl
Acad Sci 2007, 104:19691-19696.
3. Turpie J, Visser M: The Impact of Climate Change on South Africa’s
Rural Areas. FFC; 2013.
4. Funk CC, Dettinger MD, Michaelsen JC, Verdin JP, Brown ME,
Barlow M, Hoell AA: Warming of the Indian Ocean threatens
eastern and southern African food security but could be
mitigated by agricultural development. Proc Natl Acad Sci U S A
2008, 105:11081-11086.
5. Polcher J, Parker D, Gaye A, Diedhiou A, Eymard L et al.: AMMA’s
contribution to the evolution of prediction and decision-
making systems for West Africa. Atmos Sci Lett 2011, 12:2-6.
6. Hansen JW: Realizing the potential benefits of climate
prediction to agriculture: issues, approaches, challenges.
Agric Syst 2002, 74:309-330.
7. Meinke H, Stone RC: Seasonal and inter-annual climate
forecasting: the new tool for increasing preparedness to
climate variability and change in agricultural planning and
operations. Clim Change 2005, 70:221-253.
8. Ash A, McIntosh P, Cullen B, Carberry P, Smith MS: Constraints
and opportunities in applying seasonal climate forecasts in
agriculture. Aust J Agric Res 2007, 58:952-965.
9. Meza FJ, Hansen JW, Osgood D: Economic value of seasonal
climate forecasts for agriculture: review of ex-ante
assessments and recommendations for future research. Res J
Appl Meteorol Climatol 2008, 47:1269-1286.
10. Schlenker W, Lobell DB: Robust negative impacts of climate
change on African agriculture. Environ Res Lett 2010, 5:014010.
11. Thornton PK, Jones PG, Ericksen PJ, Challinor AJ: Agriculture
and food systems in sub-Saharan Africa in a 4 -C+ world. Philos
Trans A Math Phys Eng Sci 2011, 369:117-136.
12. Stringer LS: Global Land and Soil Degradation: Challenges to Soil.
Global Soil Week; 2013.
13. Simelton E, Quinn C, Batisani N, Dougill A, Dyer J et al.: Is rainfall
really changing? Farmers’ perceptions, meteorological data,
and policy implications. Climate Dev 2013, 5:123-138.
14. Godfray HCJ, Beddington JR, Crute IR, Haddad L, Lawrence D et al.:
Food security: the challenge of feeding 9 billion people. Science
2010, 327:812 http://dx.doi.org/10.1126/science.1185383.
15. Lasco RD, Habito MS, Delfino RJP, Pulhin FB, Concepcion RG:
Climate Change Adaptation Guidebook for Smallholder Farmers in
Southeast Asia. Philippines: World Agroforestry Centre; 2011.
16. Ajayi OC, Akinnifesi FK, Sileshi G, Chakeredza S, Mn’gomba S
et al.: Local solutions to global problems: the potential of
agroforestry for climate change adaptation and mitigation in
southern Africa. Paper presented at the Tropical Forests and
Climate Change Adaptation (TroFCCA) Regional meeting
‘‘Knowledge and Action on Forests for Climate Change Adaptation
in Africa’’; November 18–20, Accra, Ghana: 2008:1-17.
17. Schoeneberger M, Bentrup G, de Gooijer H,
Soolanayakanahally R, Sauer T et al.: Branching out: Agroforestry
as a Climate Change Mitigation and Adaptation Tool for
Agriculture. 2012 http://dx.doi.org/10.2489/jswc.67.5.128A.www.sciencedirect.com
Role of trees and agroforestry Lasco et al. 8718. Syampungani S, Chirwa PW, Akkinifesi FK, Ayayi OC: The
potential of using agroforestry as a win-win solution to climate
change mitigation and adaptation and meeting food security
challenges in Southern Africa. Agric J 2010, 5:80-88.
19. FAO: Climate-Smart Agriculture: Policies, Practices and Financing
for Food Security, Adaptation and Mitigation. Rome, Italy: Food
and Agriculture Organization United Nation; 2010.
20. Zomer RJ, Trabucco A, Coe R, Place F: Trees on Farm: Analysis of
Global Extent and Geographical Patterns of Agroforestry. ICRAF
Working Paper No. 89. Nairobi, Kenya: World Agroforestry Centre;
2009.
21. Scherr SJ, Shames S, Friedman R: From climate-smart
agriculture to climate-smart landscapes. Agric Food Security
2012, 1:12 http://dx.doi.org/10.1186/2048-7010-1-12 http://
www.agricultureandfoodsecurity.com/content/1/1/12.
22. Bishaw B, Neufeldt H, Mowo J, Abdelkadir A, Muriuki J et al.:
Farmers’ strategies for adapting to and mitigating climate
variability and change through agroforestry in Ethiopia and
Kenya. In Forestry Communications Group. Edited by Davis CM,
Bernart B, Dmitriev A. Corvallis, Oregon: Oregon State University;
2013.
23. Thornton P, Lipper L: How does climate change alter
agricultural strategies to support food security? Background
paper for the conference ‘Food Security Futures: Research
Priorities for the 21st Century’, 11–12 April 2013, Dublin, 2013.
http://www.pim.cgiar.org/files/2013/03/ClimateChangeAndFood
Security_PrioritiesForPublicResearch.pdf.
24. Thorlakson T: Reducing Subsistence Farmers’ Vulnerability to
Climate Change: The Potential Contributions of Agroforestry in
Western Kenya. Occasional Paper 16. Nairobi: World Agroforestry
Centre; 2011.
25.

Verchot LV, Noordwijk M, Kandji S, Tomich T, Ong C, Albrecht A,
Mackensen J: Climate change: linking adaptation and
mitigation through agroforestry. Mitig Adapt Strat Global
Change 2007, 12:901-918 http://dx.doi.org/10.1007/s11027-007-
9105-6.
Discusses the potential of agroforestry to develop synergies between the
efforts to mitigate climate change and efforts to enhance the capacity of
the population to adapt to it. Highlights the need for a more focused
research on these synergies.
26. Marteau R, Sultan B, Moron V, Alhassane A, Baron C, Traore´ SB:
The onset of the rainy season and farmers’ sowing strategy for
pearl millet cultivation in Southwest Niger. Agric For Meteorol
2011, 151:1356-1369.
27. Rosell S: Regional perspective on rainfall change and
variability in the central highlands of Ethiopia, 1978–2007. Appl
Geogr 2011, 31:329-338.
28. Ericksen P, Thornton PK, Notenbaert A, Cramer L, Jones P,
Herrero M: Mapping Hotspots of Climate Change and Food
Insecurity in the Global Tropics. Copenhagen, Denmark: CGIAR
Research Program on Climate Change, Agriculture and Food
Security (CCAFS); 2011.
29. Thornton PK, Jones PG, Ericksen P, Challinor A: Agriculture and
food systems in sub-Saharan Africa in a 4 -C+ world. Philos
Trans R Soc A 2011, 369:117-136 http://dx.doi.org/10.1098/
rsta.2010.0246.
30. Waha K, Muller C, Bondeau A, Dietrich J, Kurukulasuriya P,
Heinke J, Lotze-Campen H: Adaptation to climate change
through the choice of cropping system and sowing date in
sub-Saharan Africa. Global Environ Change 2013, 22:130-143.
31. Ziegler AD, Bruun TB, Guardiola-Claramonte M, Giambelluca TW,
Lawrence D, Thanh Lam N: Environmental consequences of the
demise in Swidden cultivation in Montane mainland Southeast
Asia: hydrology and geomorphology. Hum Ecol 2009, 37:361-
373 http://dx.doi.org/10.1007/s10745-009-9258-x.
32. Cramb RA, Colfer CJP, Dressler W, Laungaramsri P, Le QT,
Mulyoutamiet E et al.: Swidden transformations and rural
livelihoods in Southeast Asia. Hum Ecol 2009, 37:323-346 http://
dx.doi.org/10.1007/s10745-009-9241-6.
33. Sayer J, Sunderland T, Ghazoul J, Pfund JL, Sheil D et al.: Ten
principles for a landscape approach to reconciling agriculture,www.sciencedirect.com conservation, and other competing land uses. Proc Natl Acad
Sci U S A 2013, 110:8349-8356 http://dx.doi.org/10.1073/
pnas.1210595110.
34. Tscharntke T, Clough Y, Wanger TC, Jackson L, Motzke I et al.:
Global food security, biodiversity conservation and the future
of agricultural intensification. Biol Conserv 2012, 151:53-59
http://dx.doi.org/10.1016/j.biocon.2012.01.068.
35. Ziegler AD, Phelps J, Yuen JQ, Webb EL, Lawrence D et al.:
Carbon outcomes of major land-cover transitions in SE Asia:
great uncertainties and REDD+ policy implications. Global
Change Biol 2012, 18:3087-3099 http://dx.doi.org/10.1111/
j.1365-2486.2012.02747.x.
36. Sileshi GW, Akinnifesi FK, Ajayi OC, Muys B: Integration of
legume trees in maize-based cropping systems improves rain
use efficiency and yield stability under rain-fed agriculture.
Agric Water Manage 2011, 98:1364-1372.
37.

Ajayi OC, Place F, Akinnifesi FK, Sileshi GW: Agricultural success
from Africa: the case of fertilizer tree systems in southern
Africa (Malawi, Tanzania, Mozambique, Zambia and
Zimbabwe). Int J Agric Sustain 2011, 9:129-136.
This study focused on the benefits from fertilizer tree systems(FTS) and
the factors that contributed for the sustainability of the technology
including: availability of options, multi-institutional partnerships and
engagement, encouragement and involvement of farmers.
38. Akinnifesi FK, Ajayi OC, Sileshi G, Chirwa PW, Chianu J: Fertiliser
trees for sustainable food security in the maize-based
production systems of East and Southern Africa. Agron Sustain
Dev 2010, 30:615-629 http://dx.doi.org/10.1051/agro/2009058.
39. Rahman S, Paras F, Khan SR, Imtiaj A, Farhana M, Toy M,
Akhand M, Sunderland T: Initiative of tropical agroforestry to
sustainable agroculture: a case of Capasia Village, Northern
Bangladesh. J Hortic For 2011, 3:115-121.
40. Kalame FB, Aidoo R, Nkem J, Ajayie OC, Kanninen M,
Luukkanen O, Idinoba M: Modified taungya system in Ghana: a
win–win practice for forestry and adaptation to climate
change? Environ Sci Policy 2011, 14:519-530.
41.

Thorlakson T, Neufeldt H: Reducing subsistence farmers’
vulnerability to climate change: evaluating the potential
contributions of agroforestry in Western Kenya. Agric Food
Security 2012, 1:15.
This study showed that farmers in western Kenya are coping with
climate-related hazards in unsustainable way. It evaluated the ability
of agroforestry systems to enhance subsistence farmers’ well-being and
proposed that agroforestry as an effective part of a broader develop-
ment strategy.
42. Kalaba KF, Chirwa P, Syampungani S, Ajayi CO: Tropical
Rainforests and Agroforests Under Global Change. 2010 http://
dx.doi.org/10.1007/978-3-642-00493-3.
43. Pagiola S, Rios AR, Arcenas A: Poor household participation in
payments for environmental services: lessons from the
silvopastoral project in Quindı´o, Colombia. Environ Resour
Econ 2010, 47:371-394.
44. Garbach K, Lubell M, DeClerck FaJ: Payment for ecosystem
services: the roles of positive incentives and information
sharing in stimulating adoption of silvopastoral conservation
practices. Agric Ecosyst Environ 2012, 156:27-36.
45. Alteri M: Agroecology, Small Farms and Food Sovereignty.
Month Rev 2009, 61:3 In: www.agroeco.org.
46. Takimoto A, Ramachandran N, Alavalapti J: Socioeconomic
potential of carbon sequestration through agroforestry in the
West African Sahel. Mitig Adapt Strat Global Change 2008,
13:745-761 http://dx.doi.org/10.1007/s11027-007-9140-3.
47.

Van Noordwijk M, Hoang MH, Neufeldt H, O¨born I, Yatich T (Eds):
How Trees and People can Co-adapt to Climate Change: Reducing
Vulnerability Through Multi-Functional Agroforestry Landscapes.
Nairobi: World Agroforestry Centre (ICRAF); 2011.
The book discussed the relationship of climate change adaptation, rural
development and the roles of trees and agroforestry systems and high-
lights the results of action researches and programs in Asia and Africa. It
also identified and enumerated the priority areas for action and
researches.Current Opinion in Environmental Sustainability 2014, 6:83–88
88 Sustainability challenges48. McNeely JA, Schroth G: Agroforestry and biodiversity
conservation-traditional practices, present dynamics, and
lessons for the future. Biodivers Conserv 2006, 15:549-554
http://dx.doi.org/10.1007/s10531-005-2087-3.
49. Bhagwat S, Willis KJ, Birks HJB, Whittaker RJ: Agroforestry: a
refuge for tropical biodiversity? Trends Ecol Evol 2008, 23:261-
267 http://dx.doi.org/10.1016/j.tree.2008.01.005.
50. Carbon sequestration in agroforestry systems. Kumar BM, Nair
PKR.Advances in Agroforesty. Dordrecht/Heidelberg/London/
New York: Springer; 2011.
51. Albrecht A, Kandji ST: Carbon sequestration in tropical
agroforestry systems. Agric Ecosyst Environ 2003, 99:15-27.
52. Montagnini F, Nair PKR: Carbon sequestration: an
underexploited environmental benefit of agroforestry
systems. Agrofor Syst 2004, 61–62:281-295.
53. Pagiola S, Ramı´rez E, Gobbi J, de Haan C, Ibrahim M, Murgueitio E,
Ruı´z JP: Paying for the environmental services of silvopastoral
practices in Nicaragua. Ecol Econ 2007, 64:374-385.
54. Hegde R, Bull GQ: Performance of an agro-forestry based
Payments-for-Environmental-Services project in
Mozambique: a household level analysis. Ecol Econ 2011,
71:122-130.
55. Groom B, Palmer C: REDD+ and rural livelihoods. Biol Conserv
2012, 154:42-52.
56. Sileshi G, Akinnifesi FK, Ajayi OC, Chakeredza S, Kainga M,
Matakala PW: Contributions of agroforestry to ecosystem
services in the miomboecoregion of eastern and southern
Africa. Afr J Environ Sci Technol 2007, 1:68-80.
57. Ajayi OC, Akinnifesi FK, Sileshi G, Chakeredza S, Mgomba S:
Payment for environmental services (PES): a mechanism forCurrent Opinion in Environmental Sustainability 2014, 6:83–88 promoting sustainable agroforestry land use practices among
smallholder farmers in southern Africa. Tropentag 2008:8.
58.

FAO: Advancing agroforestry on the policy agenda: a guide for
decision-makers, by G. Buttoud, in collaboration with O. Ajayi, G.
Detlefsen, F. Place & E. Torquebiau. Agroforestry Working Paper
no. 1. Food and Agriculture Organization of the United Nations.
FAO, Rome, 2013: 1–37
The guidebook highlights the policy challenges facing agroforestry in
many countries and provides ten steps of action for the formulation of
coherent policies that will support the development and promotion of
agroforestry systems.
59. Place F, Ajayi OC, Torquebiau E, Detlefsen G, Gauthier M,
Buttoud G: Improved policies for facilitating the adoption of
agroforestry. In Agroforestry for Biodiversity and Ecosystem
Services — Science and Practice. Edited by Kaonga ML. In Tech;
2012:164.
60. Msuya TS, Kideghesho JR: Mainstreaming agroforestry policy
in tanzania legal framework. In Agroforestry for Biodiversity and
Ecosystem Services — Science and Practice. Edited by Kaonga
ML. In Tech; 2012:164.
61. Kaonga ML: In Agroforestry for Biodiversity and Ecosystem
Services — Science and Practice. Edited by Kaonga ML. In Tech;
2012.
62.

Degrande A, Franzel S, Yeptiep YS, Asaah E, Tsobeng A,
Tchoundjeu Z: Effectiveness of grassroots organisations in the
dissemination of agroforestry innovations. In Agroforestry for
Biodiversity and Ecosystem Services — Science and Practice.
Edited by Kaonga ML. In Tech; 2012:141-164.
Covering, policy, practice and technical aspects such as crop-soil inter-
actions, this book provides a solid synthesis of current science and
practice, highlighting studies in sub-Saharan Africa, Europe and Latin
America.www.sciencedirect.com
